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2001 L. Randall M.D. Schwartz 5 $AdS_{5}$
$5D$ Yang-Mills [5]




$(X^{M})=(x^{\mu}, z),$ $[M=0,1,2,3,5;\mu=0,1,2,3]$ 5
( $x^{\mu}$ $z$ )

























Appelquist-Chodos ( 5 $ds^{2}=$
$\eta_{\mu\nu}dx^{\mu}dx^{\nu}+dy^{2})$ 5
$E_{Cas}$
$E_{Cas}( \Lambda, l)=\int_{\tilde{p}\leq\Lambda}\frac{d^{4}p}{(2\pi)^{4}}\int_{0}^{l}dy(F_{f}^{-}(\tilde{p}, y)+4F_{f}^{+}(\tilde{p}_{)}y))$ ,
$F_{f}^{\mp}( \tilde{p}, y)=-\int_{p}^{\infty}d\tilde{k}\frac{\mp\cosh\tilde{k}(2y-l)+\cosh\tilde{k}l}{2\sinh(\tilde{k}l)}$ . (2)
$\mp$ $y$ (
$z$ $y$ ) $\tilde{P}$ 4
$(p_{a})=(p_{I},p_{2},p_{3},p_{4})$ [6]
[1] 5 $AdS$5 (
$\omega$ $ds^{2}=(\eta_{\mu\nu}dx^{\mu}dx^{\nu}+dz^{2})/\omega^{2}z^{2})$ $(($ $)2=-4\omega^{2}<0)$
$-E_{Cas}^{\Lambda,\mp}( \omega, T)=\int\frac{d^{4}p_{E}}{(2\pi)^{4}}|_{\tilde{p}\leq\Lambda}\int_{1/\omega}^{1/T}dzF_{w}^{\mp}(\tilde{p}, z),$ $F_{w}^{\mp}( \tilde{p}, z)=\frac{1}{(\omega z)^{3}}\int_{p^{2}}^{\infty}\{G_{k}^{\mp}(z, z)\}dk^{2}$ ,





IR cut-off UV cut-off Randall-
Schwart $z$ (RS) 2 $E_{Cas}(2)$
y Cut-Off
$\Lambda^{4}$
$F(\tilde{p}, y)\equiv F_{f}^{-}(\tilde{p}, y)+4F_{f}^{+}(\tilde{p}, y)$
odd parity $(-)$ $F_{f}^{-}(\tilde{p}, y)$ 3
-05
$F_{f}^{+}(\tilde{p}, y)$ Casimir energy
density $\tilde{p}\ll A$ $\tilde{P}^{3}$ (5 ) Rayleigh-
Jeans
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1: Space of $(y,\tilde{p})$ for the integration.
The hyperbolic curve will be used in Sec.3.
2: Behaviour of $\tilde{p}^{3}F(\tilde{p}, y)$ in (2). $l=1$ ,
$\Lambda=10,0.1\leq y<1,1\leq\tilde{p}\leq 10$ .
$E_{Cas}(\Lambda, l)(2)$
$E_{Cas}( \Lambda, l)=\frac{2\pi^{2}}{(2\pi)^{4}}[-0.1249l\Lambda^{5}-(1.41, 0.706, 0.353)\cross 10^{-5}l\Lambda^{5}\ln(l\Lambda)]$ . (4)
$\Lambda^{5}$ [6] $\Lambda^{5}\ln(\Lambda)$
RS
$E_{Cas}^{RS}= \frac{2\pi^{2}}{(2\pi)^{4}}\int_{1/l}^{\Lambda}dq\int_{1/\Lambda}^{1/q}dy.q^{3}F(q, y)=\frac{2\pi^{2}}{(2\pi)^{4}}[-8.93814\cross 10^{-2}\Lambda^{4}]$ , (5)
$\Lambda^{4}$
4 $z$
UV $1/\omega$ O $\tilde{p}$ IR $\mu=\Lambda T/\omega$
5 $E_{Cas}^{-}(3)$




$E_{Cas}^{\Lambda,-}( \omega, T)=\frac{2\pi^{2}}{(2\pi)^{4}}\cross[-0.0250\frac{\Lambda^{5}}{T}]$ (6)
76
3: Behaviour of the integrand of $F^{-},(2)$ . $l=1,$ $\Lambda=100,0\leq y\leq l=1$ ,




$E_{Cas}^{-RS}( \omega, T)=\frac{2\pi^{2}}{(2\pi)^{4}}\int_{\mu}^{\Lambda}dq\int_{1/\omega}^{\Lambda/\omega q}dzq^{3}F^{-}(q, z)$








2 (4 ) UV-surface IR-surface
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00
5: Behaviour of $(-1/2)\tilde{p}^{3}F^{-}(\tilde{p}, z)$ in
4: Space of $(z,\tilde{p})$ for the integration. (3). $T=1,\omega=10^{4},$ $\Lambda=10^{4}.1.0001/\omega\leq$
The hyperbolic curve will be used in Sec.3. $z<0.9999/T,$ $\Lambda T/\omega\leq\tilde{p}\leq$ A.
$B_{UV}$ : $\sqrt{(x^{1})^{2}+(x^{2})^{2}+(x^{3})^{2}+(x^{4})^{2}}=r_{UV}(y)$ , $\epsilon=\frac{1}{\Lambda}<y<l$ ,
$B_{IR}$ : $\sqrt{(x^{1})^{2}+(x^{2})^{2}+(x^{3})^{2}+(x^{4})^{2}}=r_{IR}(y)$ , $\epsilon=\frac{1}{\Lambda}<y<l$ , (8)
$(x^{a}(a=1,2,3,4)$ $x^{\mu}(\mu=0,1,2,3)$ Euclid
) $r_{UV}(y),$ $r_{IR}(y)$ (5 )
8 $4D$ momentum
$4D$ coordinate $y$ $4D$
(” ”) $4D$ $r_{UV}(y)$ $4D$ ball
$r_{IR}(y)$ $4D$ ball sphere lattice regularized
space $y$ UV $(y=\epsilon)$
IR $|$J $(y=l)$ coarse graining






6: Behavior of $\ln|\frac{1}{2}\mathcal{F}^{-}(\tilde{k}, z)|=\ln|\tilde{k}G_{k}^{-}(z, z)/(\omega z)^{3}|$ . $\omega=10^{4},$ $T=$
$1$ , $\Lambda=2\cross 10^{4}$ . $1.0001/\omega\leq z\leq 0.9999/T$ . $\Lambda T/\omega\leq\tilde{k}\leq\Lambda$ . Note
$\ln|(1/2)\cross(1/2)|\approx-1.39$ .
$0$
5 $W(\tilde{p}, y)$ or $W(\tilde{p}, z)$
(weight) W
5 measure $d^{4}pdy$ $W(\tilde{p}, y)d^{4}pdy$
$W(\tilde{p}, y)$




$\{\begin{array}{l}(N_{1})^{-1}e^{-(1/2)l^{2}\tilde{p}^{2}-(1/2)y^{2}/l^{2}}\equiv W_{1}(\tilde{p},y), N_{1}=1.557/8\pi^{2} elliptic suppression(9)(N_{2})^{-1}e^{-\overline{p}y}\equiv W_{2}(\tilde{p}, y), N_{2}=2(l\Lambda)^{3}/8\pi^{2} hyperbolic suppressionl\end{array}$
$(W_{1})$ (W2) damping $N_{1}$ , N2 normalization
constants ($\tilde{p}$ $y$ )
$N_{2}\propto(l\Lambda)^{3}$ Randall-Schwartz
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7: Space of $(\tilde{p},y)$ for the integration
(present proposal).
8: Regularization Surface $B_{IR}$ and $B_{uv}$
in the $5D$ coordinate space $(x^{\mu}, y)$ , Flow




$\{$ $-(6.0392,6.0394,6.03945)10^{-2} \frac{\Lambda}{l^{3}}-(24.7,279,1.60)\cross\frac{\Lambda\ln(l\Lambda)}{l^{3}}-(2.500,2.501,2.501)\frac{\Lambda}{l^{3}\cross}+(-0.142,1.09,1.\cdot 13)\cross 10^{-4}\frac{\Lambda\ln(l\Lambda)}{10^{-8}l^{3}}$
for $W_{2}$
for $W_{1}(10)$
3 $l$ , A
$W_{2}$
N2 (5) consistent $\ln$ (lA)
$W(\tilde{p}, z)=$
$\{\begin{array}{l}(N_{1})^{-1}e^{-(1/2)\tilde{p}^{2}/\omega^{2}-(1/2)z^{2}T^{2}}\equiv W_{1}(\tilde{p}, z), N_{1}=1.711/8\pi^{2} elliptic suppr.(11)(N_{2})^{-1}e^{-\tilde{p}zT/\omega}\equiv W_{2}(\tilde{p}, z), N_{2}=2\frac{\omega^{3}}{T^{3}}/8\pi^{2} hyperbolic suppr.1\end{array}$
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9: UV regularization surface in $5D$ co-
ordinate space. 10: Space of $(\tilde{p},z)$ for the integration
(present proposal).
12 5 $W_{1}$
( $\omega$ , A )




$E_{Cas}^{W}/ \Lambda l=-\frac{\alpha}{l^{4}}(1-4c\ln(l\Lambda))$ (13)
$E_{Cas}^{W}/\Lambda T^{-1}=-\alpha\omega^{4}(1-4c\ln(\Lambda/\omega)-4c’\ln(\Lambda/T))$ , (14)
$\alpha,$ $c,$ $c’$
$\Lambda l$ $\Lambda T^{-1}$
5
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11: Behaviour of $\tilde{p}^{3}W_{1}(\tilde{p},y)F(\tilde{p}, y)$(elliptic suppression). $\Lambda=10,$ $l=1$






$-E_{Cas}^{W}( \omega, T)=\int\frac{d^{4}p_{E}}{(2\pi)^{4}}\int_{1/\omega}^{1/T}dzW(\tilde{p}, z)F^{\mp}(\tilde{p}, z)$
$= \frac{2\pi^{2}}{(2\pi)^{4}}\int d\tilde{p}\int_{1/\omega}^{1/T}dz\tilde{p}^{3}W(\tilde{p}, z)F^{\mp}(\tilde{p}, z)$ , (15)
10
$-E_{Cas}^{W}( \omega, T)=\int \mathcal{D}\tilde{p}(z)\int_{1/\omega}^{1/T}dzS\lceil\tilde{p}(z),$ $z]$ ,
$S \lceil\tilde{p}(z)_{)}z]=\frac{2\pi^{2}}{(2\pi)^{4}}\tilde{p}(z)^{3}W(\tilde{p}(z), z)F^{\mp}(\tilde{p}(z), z)$ . (16)
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12: Behavior of $(-N_{1}/2)\tilde{p}^{3}W_{1}(\tilde{p}, z)F^{-}(\tilde{p}, z)$ (elliptic suppression). $\Lambda=$




$S$ $\tilde{p}(z),$ $z]$ $\delta S=0$





Minimal Surface Curve $r_{g}(z)$ : $3+ \frac{4}{z}r’r-\frac{r’’r}{r^{2}+1}=0$ , $\frac{1}{\omega}\leq z\leq\frac{1}{T}$ $)(18)$
((8) $r$ ) $A$
(minimal area principle: $\delta A=0$)
$ds^{2}=( \delta_{ab}+\frac{x^{a}x^{b}}{(rr’)^{2}})\frac{dx^{a}dx^{b}}{\omega^{2}z^{2}}\equiv g_{ab}(x)dx^{a}dx^{b}$,
$A= \int\sqrt{\det g_{ab}}d^{4}x=\int_{1/\omega}^{1/T}\frac{1}{\omega^{4}z^{4}}\sqrt{r^{\prime 2}+1}r^{3}dz$ . (19)
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$F( \frac{1}{r}, z)\exp[-\frac{1}{2\alpha}$, $\int_{1/\omega}^{1/T}\frac{1}{\omega^{4}z^{4}}\sqrt{r^{\prime 2}+1}r^{3}dz]$ , (21)
$\mu=\Lambda T/\omega$ $\Lambda T^{-1}arrow\infty$ $1/2\alpha’$ ( )
(string (surface) tension parameter) ( : $\alpha’$








13: Graph of Planck $s$ radiation formula. $\mathcal{P}(\beta, k)=\frac{1}{(c\hslash)^{3}}\frac{1}{\pi^{2}}k^{3}/(e^{\beta k}-$










$c,$ $c’$ $g$ pure number
$c,$ $c’$
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